Background: Scrub typhus is a zoonotic disease that remains an important health threat in endemic areas. Appropriate antirickettsial treatment ensures a successful recovery. Doxycycline is a recommended drug, but it is contraindicated in pregnant women and young children. Azithromycin is a safer alternative drug, but its effectiveness remains largely unclear. Herein, we conducted a systematic review and meta-analysis to determine the effectiveness of azithromycin.
Introduction
Scrub typhus is a zoonotic rickettsial disease caused by Orientia tsutsugamushi and transmitted to humans after a chigger bite. [1] It is estimated to infect 1 million people per year worldwide and may present as various clinical manifestations. [2, 3] Early diagnosis of scrub typhus still remains a challenge for physicians, and the mortality of untreated cases is high. [4, 5] There are several drugs to treat scrub typhus, including tetracyclines, chloramphenicol, azithromycin, and quinolones. [6] Currently, the drug of choice is doxycycline, a member of the tetracycline family, and several studies have proved its effectiveness. [6, 7] However, a recent study that investigated the outcomes of mothers and fetuses in pregnancy complicated with scrub typhus revealed that approximately half of the pregnancies resulted in poor fetal outcomes. [8] Doxycycline is contra-indicated in pregnant women and young children because of potential fetotoxicity. [9] Azithromycin is classified in category B by the US Food and Drug Administration (US FDA) Pregnancy Category and is the suggested alternative drug in these patients. [10] The high rates of poor fetal outcomes in Rajan et al's report caught our attention, and the effectiveness of azithromycin was questioned.
In 2002, a meta-analysis was conducted to compare the effectiveness of anti-rickettsial drugs, and no obvious differences between tetracycline and doxycycline were found. [6] The effectiveness of azithromycin was compared with doxycycline as well; however, only 2 studies were included in the meta-analysis. [7, 11] The current evidences remained largely unclear. After literature review, some additional studies have been added since the last meta-analysis. Therefore, we conducted this systematic review and meta-analysis to evaluate the effectiveness and comparability of azithromycin in treating patients with scrub typhus.
Materials and methods

Study selection
This study was approved by the Ethics Committees of MacKay Memorial Hospital, Taiwan (IRB No.: 16MMHIS141e) and has been registered to PROSPERO (registry number: 62102). We systematically searched for all relevant articles in 2 online databases-PubMed and EMBase-from the earliest record to December 2016. PubMed is a free database mainly derived from MEDLINE and is considered an optimal tool in biomedical electronic research. EMBase is a highly versatile, multipurpose, and up-to-date biomedical database with a broad coverage. The key terms used for the search included "scrub typhus," "tsutsugamushi," "azithromycin," and "rickettsia." Key words were combined using Boolean searches. The search was made using keywords, Boolean operators, and MeSH descriptor. Cochrane Collaboration Central Register of Controlled Clinical Trials, Cochrane Systematic Reviews, and ClinicalTrials.gov were manually searched for additional references. Studies including randomized controlled trials, quasi-experimental investigations, and prospective follow-up studies were enrolled without language restriction. Case reports without a welldesigned intervention scheme, single-arm studies, and epidemiological reports were excluded.
Data extraction and quality assessment
Two authors (C-YL and Y-JC) independently evaluated all eligible articles. These articles were scrutinized, and the data regarding study population, disease severity, treatment protocol, and details of treatment responses from the selected studies were extracted. The primary outcome was treatment success or failure. The treatment failures were defined as persistence of symptoms, fever, final laboratory abnormalities, change of treatment, or mortality. Other comparative variables included time to defervescence, rate of fever for more than 48 hours, adverse effects, and relapse. The Jadad score, ranging from 0 to 5, was used to assess the quality of the enrolled studies. Studies with scores <3 were assumed to have a lower methodological quality. [12] Discrepancies between the 2 independent evaluations for potential articles were resolved through discussion and consensus.
Data synthesis and analysis
Treatment results from all the studies were extracted, analyzed, and compared to determine differences in the effectiveness and adverse effects between azithromycin and other anti-rickettsial drugs. The effect sizes were pooled by using a random-effect model, and the results were represented by a point estimate with a 95% confidence interval (CI). The heterogeneity across studies was tested using I 2 and Cochran Q tests. A P value <.10 for chisquare test of the Q statistic or an I 2 >50% was considered as statistically significant heterogeneity. [13] For studies that contained continuous variables without mean and standard deviation (SD), values of case number, median, and low and high ends of the range were used to estimate the mean values. [14] A sensitivity analysis was performed by removing some studies to observe whether the action caused serious changes in the overall result. Funnel plot was performed to examine the publication bias if the number of included studies are more than 10.
[15] Review Manager (version 5.3.5) was used for our analyses.
Results
Of the 43 nonduplicate citations identified from the literature, 9 studies were included which were qualitative synthesis. Among them, 4 studies were excluded after critical review. Finally, 5 studies were enrolled for eligibility and meta-analysis ( Fig. 1) . [7, 11, [16] [17] [18] Four studies were conducted with the adult population and 1 study involved the pediatric population (Table 1) . Two studies were executed in Korea, 2 in Thailand, and 1 in China. Four studies investigated the treatment in uncomplicated patients with scrub typhus, and 1 study was performed in patients with complicated scrub typhus. Oral azithromycin was used in 3 studies, and intravenous azithromycin was used in the other 2 studies. The comparative arms included oral doxycycline in 3 studies, oral minocycline in 1 study, and oral doxycycline or intravenous chloramphenicol in 1 study. In all, 427 patients were included in the analyses.
By comparing the rate of treatment failures, we found a favorable outcome in patients treated with azithromycin than with other anti-rickettsial drugs (risk ratio [RR] 0.83, 95% CI 0.23-2.98) (Fig. 2) . However, patients in the azithromycin group had longer time to defervescence (mean difference 4.38 hours, 95% CI À2.51 to 11.27) (Fig. 3 ) and higher rate of fever for more than 48 hours (RR 1.31, 95% CI 0.81-2.12) (Fig. 4) . Adverse effects were reported in 3 studies, and in those, patients treated with azithromycin had less adverse effects (RR 0.8, 95% CI 0.42-1.52) (Fig. 5) . No patients with relapse were found in both comparative arms.
Discussion
Scrub typhus still remains an important health threat in endemic areas, even though dramatic improvements have been achieved with prompt anti-rickettsial treatments. [4, 5] Previous metaanalyses indicated that azithromycin was effective against scrub typhus, [6, 19] and 3 additional studies were included in our analysis. We concluded that the effectiveness of azithromycin is Lee et al. Medicine (2017) Phimda et al, 2007 [7] Adults (>14 y) Thailand Uncomplicated 57 Oral 1 g followed by 500-mg once daily, 3 d Doxycycline, oral Cure/failure; time to defervescence; relapse; adverse effects RCT 4
Jang et al, 2014 [17] Adults www.md-journal.com treatment for scrub typhus (GRADE 2B, weak recommendation with moderate evidence quality). [20] The quality of evidences is summarized in Table 2 .
However, the treatment effectiveness may be affected by the disease severity. One study compared the treatment in patients with complicated scrub typhus; meanwhile, 4 studies investigated the treatment of patients with uncomplicated scrub typhus. For patients with complicated scrub typhus, Jang et al [17] found there were no significant differences in the treatment success rates and survival rates among patients treated with azithromycin and doxycycline. Similarly, the forest plots of studies investigating patients with uncomplicated patients showed analogous con- Figs. 1-3 , http://links.lww.com/MD/ B857). Therefore, for infected patients with any degree of severity, azithromycin might be the first-line treatment, particularly in patients with contraindications to other rickettsial drugs. Although only very few studies have been conducted so far and further studies investigating different disease severities are required.
The most important advantage of using azithromycin in clinical application is its safety in pregnant women and children. Scrub typhus complicating pregnancy is uncommon, but if it happens, it may lead to serious unfavorable outcomes to mothers and fetuses. [21, 22] The use of azithromycin in pregnant women is believed to be safe for both mothers and fetuses, and it is classified in category B by the US FDA Pregnancy Category. [9] Physicians should prescribe a category B drug to pregnant women if the benefit outweighs the risk. However, other available antirickettsial drugs are not recommended because of possible fetotoxicity. Chloramphenicol, ciprofloxacin, and rifampin are classified in category C, and tetracycline, doxycycline, and minocycline are classified in category D. [9] Mounting evidences showed that azithromycin use in pregnant women is safe and well-tolerated without adverse effects to fetuses. [22] [23] [24] [25] [26] [27] [28] Kim et al [10] have reviewed the literature regarding scrub typhus in pregnant women, and they concluded that azithromycin was effective against scrub typhus with favorable pregnancy outcomes. In the study reported by Rajan et al, 33 pregnant women with scrub typhus were treated with azithromycin. The maternal mortality was low (3%), but poor fetal outcomes were observed in half of the fetuses. [8] The effectiveness of azithromycin was called into question. Although the effectiveness of azithromycin has been confirmed by our meta-analysis, subgroup analysis of pregnant women is unavailable. On the contrary, Kumar et al [22] reported that pregnancies of 14 women treated with azithromycin were uneventful. Doxycycline is cheap, effective, easily available, and it is the preferable drug for treating scrub typhus. [29] However, in view of potential fetotoxicity, azithromycin is the recommended first-line anti-rickettsial drug in pregnant patients. [10, 22, 30] In addition to common gastrointestinal adverse effects, the lifethreatening risk of association between azithromycin and cardiovascular death with conflicting evidences has been reported. [31, 32] In the present systematic review and metaanalysis, adverse effects occurred in 14% patients, and no cardiovascular adverse effects were reported.
Different routes of delivery and dosages of azithromycin may contribute to the different outcomes. Although the route of delivery and dosage of azithromycin were not emphasized in current treatment guidelines, we hypothesize that a higher transplacental concentration may increase the success rate of treatment. Oral administration of azithromycin is convenient with high compliance, but not available in some areas. In the studies reported by Jang et al [17] and Zhao et al, [18] intravenous azithromycin was administered. The oral bioavailability of azithromycin is approximately 38%, and a single high-dose regimen (1 or 2 g) has been applied in several diseases, such as gonococcal urethritis. [31] [32] [33] [34] [35] Higher dose of azithromycin was considered an effective and safe regimen. The use of intravenous azithromycin in children and pregnant sheep model was reported as a safe treatment. [34, 36] Therefore, a high-dose intravenous injection of azithromycin in pregnant women may be a reasonable strategy. However, further studies are warranted to test the hypothesis.
In addition to route of delivery and dosage, resistance of scrub typhus to some antibiotics, including doxycycline and fluoroquinolones, was reported to be associated with treatment failure. [37, 38] Higher resistance of doxycycline in some areas may contribute to treatment failure. In the present meta-analyses, azithromycin was favored in the study by Kim et al [11] and the study by Jang et al. [17] Both studies were conducted in Korea, and the possible role of a geographic difference in the resistance is unclear. However, resistance was not tested in most studies. Therefore, surveillance for antibiotic resistance is required to clarify the effectiveness of anti-rickettsial treatment.
Our study was subjective to some limitations. First, the case numbers and study numbers were limited. Scrub typhus is a wellknown disease with huge burden and azithromycin has been widely used for decades. However, only few well-designed studies investigating the effectiveness of azithromycin in treating scrub typhus are currently available. Only 5 studies including 427 participants were eligible to be enrolled in our meta-analysis. Although the heterogeneity between studies was mild to moderate, further large-scale studies are warranted. Second, subgroup analyses in specific patients such as pregnant women and children are valuable and are able to answer our clinical question. However, it is unable to perform the analyses due to lack of studies. It is unethical to conduct a randomized controlled study to apply potentially fetotoxic drugs in pregnant women. Third, the doses of azithromycin were similar, but the routes of delivery were not the same in different studies. Oral bioavailability may affect the treatment outcomes. Furthermore, the severity of scrub typhus of most patients was uncomplicated, and a majority of comparative arms was done with doxycycline. Welldesigned randomized controlled studies are required to clarify the influences of disease severity and comparative drugs. Finally, resistance was not measured, and the association between resistance and treatment failure was not investigated.
Conclusions
In conclusion, scrub typhus remains an important health issue in endemic areas. Our study suggests that azithromycin is as effective as other anti-rickettsial drugs with higher treatment success rates, lower adverse effects, and longer time to defervescence. It is reasonable to use azithromycin as first-line treatment against scrub typhus. Further studies are warranted to elucidate the effectiveness in specific patient groups, of high-dose azithromycin, and the influence of drug resistance.
